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Abstract

Background Fatigue, pain, and anxiety, symptoms commonly experienced by children with cancer, may predict pediatric
symptom suffering profile membership that is amenable to treatment.

Methods Three latent profiles (Low, Medium, and High symptom suffering) from 436 pediatric patients undergoing cancer
care were assessed for association with three single-item symptoms and socio-demographic variables.

Results Pediatric-PRO-CTCAE fatigue, pain, and anxiety severity scores at baseline were highly and significantly associated
with the Medium and High Suffering profiles comprised of PROMIS pediatric symptom and function measures. The likeli-
hood of membership in the Medium Suffering group was 11.37 times higher for patients who experienced fatigue severity
than those with did not, while experience of pain severity increased the likelihood of the child’s membership in the Medium
Suffering profile by 2.59 times and anxiety by 3.67 times. The severity of fatigue increased the likelihood of presence in the
High Suffering group by 2.99 times while pain severity increased the likelihood of the child’s membership in the High Suf-
fering profile by 6.36 times and anxiety by 16.75 times. Controlling for experience of symptom severity, older patients were
more likely to be in the Higher or Medium Suffering profile than in the Low Suffering profile; no other socio-demographic
or clinical variables had a significant effect on the latent profile classification.

Conclusion Clinician knowledge of the strong association between fatigue, pain, and anxiety severity and suffering profiles
may help focus supportive care to improve the cancer experience for children most at risk from time of diagnosis through
treatment.
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Introduction

>4 Meaghann S. Weaver

meweaver@childrensomaha.org Fatigue, pain, and anxiety are recognized as highly preva-

lent symptoms experienced by children with cancer. Fatigue
has been reported by upwards of 80 [1] to 90% of pediatric
oncology patients [2, 3]. Despite increased attentiveness
towards pain management [4], children with cancer regularly
identify pain as the most prevalent symptom due to underly-
ing disease, medical procedures, and treatment side effects
[5]. Snapshot pain profiles for children with cancer reveal at
least half of children reporting active pain [6, 7]. Anxiety has
been recognized as one of the most severe and long-lasting
symptoms for children with cancer [8, 9].

The frequency of these symptoms and the lack of novel
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pharmaceutical therapeutics targeting these common symp-
toms risk their normalization as “part of”” pediatric cancer
[10]. These symptoms negatively impact function, quality
of life, and even family strain [11-13]. The potential of the
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severity of these symptoms then predicts overall adverse
event and suffering trajectories across time have been under-
explored in pediatric oncology.

Prior latent class and latent profile investigations have
revealed that distinct groups of children and adolescents
exist regarding their experience with prevalence of subjec-
tive adverse events (AEs) during cancer treatment [14—16].
For each of the cross-sectional studies of symptoms and
function utilizing the Pediatric Patient Reported Outcomes
Measurement System (PROMIS) metrics, there has emerged
a high symptom burden (High Suffering) and low-function-
ing cohort [15, 17, 18]. Our study team gave consideration
to whether clinicians could utilize screening clinical assess-
ment queries such as fatigue, pain, and anxiety severity met-
rics from the Ped-PRO-CTCAE (Pediatric version of the
Patient-Reported Outcomes version of the Common Ter-
minology Criteria For Adverse Events) to quickly achieve a
verifiable impression of profile membership [19-21]. Clini-
cian awareness of profile membership based on three symp-
tom snapshots could translate into awareness of patients who
may need additional symptom intervention or earlier atten-
tion to supportive care measures.

This paper explores whether the severity of fatigue, pain,
and anxiety as self-reported by children with cancer at base-
line may serve as predictors of pediatric patient presence
in the Low, Medium, or High Suffering profile. Clinician
knowledge of the strong association between the severity
of these symptoms and membership in the High Suffering
profile may help focus supportive care to improve the cancer
experience for children most at risk from time of diagnosis
through treatment.

Methods

Nine geographically distinct pediatric oncology centers
served as the study sites with Institutional Review Board
approval obtained at each site. Data collection occurred
from October 2016 to October 2018. As previously
described [22], participants completed PROMIS pediat-
ric measures: four PROMIS pediatric symptoms (anxiety,
depression, fatigue, pain), and one PROMIS pediatric func-
tion measure (mobility) at T1 (within 72 h preceding chem-
otherapy). The T1 survey was administered to patients and
caregivers via tablets or paper surveys in-clinic. Data col-
lection at T2 occurred 7 to 17 days later for those patients
receiving chemotherapy, and 4 weeks later for patients
receiving radiation.

Patients also completed the Ped-PRO-CTCAE at these
time points, a validated set of items to determine the pres-
ence, severity, and interference with daily activities of sub-
jective cancer treatment adverse events (AEs) as reported
by children 7—17 years [19-21, 23]. Clinicians select AEs
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from the Ped-PRO-CTCAE library for inclusion in a clini-
cal trial or for assessing clinical concerns. For this study,
patients completed items for the three most frequently occur-
ring AEs: fatigue, pain interference, and anxiety. The clinical
measures of interest included the severity of fatigue, pain,
and anxiety as reported by the child using Pediatric-PRO-
CTCAE (PED-PRO-CTCAE) severity metrics. Measured
attributes of fatigue on the PRO-CTCAE instrument include
severity and interference while attributes for pain and anxi-
ety both also additionally include frequency. Severity of AE
was coded as a dichotomous measure for fatigue, pain, and
anxiety: 1, if the severity score > 1; 0, otherwise. Items use
a 7-day reference period with 4 response options per item
consistent with CTCAE grading.

We first conducted descriptive analyses to examine the
arithmetic average score (mean) and variation or disper-
sion (standard deviation) of each patient-reported PROMIS
pediatric measures under study. Then, the longitudinal
latent profile analysis (LLPA) [24, 25] was conducted.
While LTA identifies potential latent profiles of children
and adolescents at each specific time and then models pro-
file changes across consecutive time points [16], LLPA,
also referred to as repeated measures latent profile analysis,
characterizes both within-person variation and between-
person variation and identifies potential latent profiles
based on groupings of similar patterns of outcome growth
trajectory across time with no assumption about the form
of outcome change, in a manner similar to spline or piece-
wise models [26].

To determine the optimal number of latent profiles,
models with different numbers of profiles were compared.
Information criterion indices, such as Akaike’s information
criterion (AIC), Schwarz’s Bayesian information criterion
(BIC), and the sample size-adjusted BIC, as well as the Lo-
Mendell-Rubin (LMR) test, the adjusted Lo-Mendell-Rubin
(ALMR) test, and bootstrapped likelihood ratio (BLRT),
were used for model comparison. The entropy statistic was
used to assess the quality of profile classification. The values
of entropy range from O to 1, and a value closer to 1 indicates
better classification.

Once the latent profiles of growth trajectories of the
PROMIS measures over time were identified, we tested
the associations of the profile membership with socio-
demographic (e.g., age, gender, race/ethnicity, and paren-
tal education) as well as clinical measures (e.g., time since
diagnosis; hemoglobin; baseline pediatric psychologi-
cal stress; cancer type; and severity of fatigue, pain, and
anxiety). In testing such associations, a multinomial logit
model was estimated using the newly developed 3-step
approach [27, 28] so that the measurement errors in the
latent profile membership estimate that are inevitable in
mixture models including LLPA were taken into account
in model estimation.
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Conceptually speaking, in the first step of the three-step
approach, an unconditional LPA model without any covari-
ate was estimated. In step 2, the measurement errors in the
latent profile estimation were calculated based on the results
of step 1. And finally, the measurement errors calculated in
step 2 were incorporated in the estimation of the multino-
mial logit model in step 3. The three-step model estimation
was conducted simultaneously using Mplus 8.4 ( Muthén
& Muthén, 1998-2017). Data manipulation and descrip-
tive statistics were conducted using SAS 9.4 (SAS Institute
Inc., 2013).

Results

Our team approached a total of 580 child-caregiver dyads for
study participation; however, 88 declined, and 10 withdrew
before completing the T1 survey. A total of 436 children
inclusive of 235 males and 195 females with cancer, mean
age 13 (SD 3.4) years, reported baseline symptom burden.
Children were approximately 5.6 (SD 7.3) months from
cancer diagnoses and were surveyed on symptom severity
within 72 h of beginning their next cycle of disease-directed
treatment (T1) and again 7 to 17 days (or 4 + weeks later)
following T1. Demographic summary is provided in Table 1.

Symptom severity as measured by the Ped-PRO-CTCAE
items included fatigue severity in 69.7% of the children, pain
severity in 50%, and anxiety severity in 40.4% at T1. The
means and standard deviations of the symptoms reported by
the PROMIS pediatric symptom measures at T1 and T2 are
shown in Table 2.

Our LPA model results rejected the single-profile solution,
indicating the patient population is not homogeneous but het-
erogeneous with respect to growth trajectory of all PROMIS
measures from T1 to T2. By comparison of models with more
than one profile, either the 3-profile or 4-profile model fits
data well. While information criterion indices (e.g., AIC, BIC,
ABIC) favored the 4-profile solution, LR tests (Lo-LMR,
ALMR) favored the 3-profile solution. On the balance of good-
ness of fit, model parsimony, profile size, and clinical interpret-
ability of the profiles, we preferred the 3-profile model. The
three-profile LPA model achieved high-quality latent profile
classification: the entropy statistic was 0.87, and the average
latent profile probabilities for most likely latent profile mem-
bership were 0.95, 0.93, and 0.93, respectively.

The LLPA profile pattern is shown in Fig. 1. Those pro-
files represent an a priori unknown pattern of growth tra-
jectories of the PROMIS measures over time. We defined
Profile 1 as the Low Suffering Trajectory profile, Profile 2
as the Medium Suffering Trajectory profile, and Profile 3 as
the High Suffering Trajectory profile. About 43.0% of the
patients were classified into Profile 1, and 40.3% and 16.7%
in Profiles 2 and 3, respectively.

Table 1 Sample demographic and PED-PRO-CTCAE symptom
severity descriptive findings (N =436)

Variable Statistics
Child age (years)

Mean (SD) 13.03 (3.40)
Duration (month) since diagnosis

Mean (SD) 5.59(7.34)
Hemoglobin (HGB)

Mean (SD) 10.47 (1.54)

n (%)

Gender

Male 235 (54.65)

Female 195 (45.35)
Race/ethnicity

White 242 (56.54)

Black 73 (17.06)

Hispanic 67 (15.65)

Others 46 (10.75)
Parent education

Elementary/primary school 7(1.64)

Secondary/high school 88 (20.56)

Some college/university 113 (26.40)

College/university 155 (36.21)

Postgraduate degree 65 (15.19)
Anxiety severity’

No 258 (59.58)

Yes 175 (40.42)
Fatigue severity”

No 132 (30.34)

Yes 303 (69.66)
Pain severity®

No 216 (50.00)

Yes 216 (50.00)
Cancer type

Leukemia/lymphoma 258 (59.17)

Solid tumor 124 (28.44)

Neuro-oncology 54 (12.39)

Note. Frequencies of some variable may not sum up to N=436 due to
missing values

IT1 PEDS-PRO_CTCAE anxiety severity score = > 1
2T1 PEDS-PRO_CTCAE fatigue severity score= > 1
3T1 PEDS-PRO_CTCAE pain severity score= > 1

The mean scores of four PROMIS pediatric symptom
measures were lower (better) at T1 in Profile 1 and higher
in Profiles 2 and 3. Such pattern remained unchanged at
T2. The scores of the PROMIS function measure (mobil-
ity), which notably work in the opposite direction from the
symptom scores in the PROMIS system, were higher (better)
at both T1 and T2 in Profiles 1 and 2, and lower (worse) in
Profile 3.
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Table2 PROMIS pediatric symptom measure mean scores by time

PROMIS measure Time 1 (N=436) Time 2 (N=382)

Mean (SD) Mean (SD)
Anxiety 43.31 (9.98) 41.33 (10.11)
Depression 45.38 (10.60) 43.40 (10.48)
Pain 43.28 (8.93) 43.14 (9.25)
Fatigue 44.66 (11.91) 43.67 (12.70)
Mobility 44.30 (9.95) 44.88 (10.78)
Stress 47.98 (9.52) 46.13 (9.66)

The effects of socio-demographic and clinical vari-
ables on latent profile membership are shown in Table 3.
The presence of fatigue severity increased the likelihood
of the child’s presence in the Medium Suffering group
by 11.37 times (OR=11.37,95%C.1.: 4.53, 28.58), while
pain severity increased the likelihood of the child’s pres-
ence in the Medium Suffering group profile by 2.59 times
(OR=2.59,95% C.1.: 1.30, 5.15), and anxiety severity by
3.67 times (OR=3.67, 95%C.1.: 1.76, 7.68). The pres-
ence of fatigue severity increased the likelihood of the
child’s presence in the High Suffering group by 2.99
times (OR=2.99, 95%C.1.: 1.08, 8.31), while pain sever-
ity increased the likelihood of the child’s presence in the
High Suffering group profile by 6.36 times (OR =6.36,
95%C.1.: 2.64, 15.34) and anxiety severity by 16.75 times
(OR=16.75,95%C.1.: 6.36, 44.15). The effect of clinical
variables such as hemoglobin, time since diagnoses, and
cancer type was not statistically significant. Controlling
for experience of the symptom severity, older patients
were more likely to be in the Higher or Medium Suffer-
ing profile than in the Low Suffering profile; all other
socio-demographic had no significant effect on the latent
profile classification.

Discussion

This study revealed that the severity of fatigue, pain, and
anxiety as measured by the Ped-PRO-CTCAE single items at
baseline inquiry were strongly associated with the phenotype
of symptom suffering profiles in regard to longitudinal meas-
ures of four PROMIS measures (depression, anxiety, pain,
and fatigue) and one PROMIS function measure (mobility)
[14]. For busy clinicians, inquiring consistently and compas-
sionately about this trifecta of symptoms (their severity, fre-
quency, burdensomeness) from the perspective of the pediat-
ric oncology patient would be high yield in prognostication
regarding likely membership in a symptom suffering profile,
and creates an opportunity for interventions to address these
symptoms and potentially lessen suffering.

Of utmost importance in this work was that the report-
ing of symptom burden was directly obtained from child
self-report via the Ped-PRO-CTCAE single severity items.
Fatigue, pain, and anxiety are notably at risk of being under-
reported by a pediatric patient’s caregiver [29, 30] and so
clinician familiarity with pediatric patient report tools
(Table 4) would further foster symptom recognition and
reporting [31]. Patient-reported outcomes are increasingly
recognized as the gold standard in pediatric oncology symp-
tom tracking [21, 32].

While this study analyzed the individual presence of
fatigue, pain, and anxiety, symptoms are rarely singular and
are instead experienced simultaneously [33, 34]. Symptoms
are experienced synergistically with exponential interactive
effect [35-37]. A study of 67 childhood cancer patients
receiving chemotherapy revealed those patients with fatigue
experienced more behavior changes and depressive symp-
toms [38]. Physical discomfort, mood disturbance, cogni-
tive wellness, and psychological discomfort notably cluster
into symptom patterns for children receiving cancer-directed

Fig.1 The LLPA profile pattern 65

Mean Score

| S )

——o—— Profile 1, 43.0%

——a—— Profile 2, 40.3%

———o—— Profile 3, 16.7%

PROMIS Measures by Time

Profile 1: Low suffering profile; Profile 2: Medium suffering profile; Profile 3: High suffering profile
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Table 3 Effects of demographic Covariate Latent Profile
and clinical variables on latent
profile classification: selected High Symptom SufferingOR Medium Symptom Low Symptom
results of multinomial logit (95% C.L) SufferingOR SufferingOR (95%
model' (95% C.1.) ClL)
Age 1.22(1.05,1.41) " 1.14 (1.03, 1.26)" -
Gender
Female - - -
Male 0.80 (0.34,1.91) 0.89 (0.45, 1.76)
Parent Education 0.79 (0.35, 1.81) 0.73 (0.37, 1.46) -
<College - -
College+ 0.79 (0.35, 1.81) 0.73 (0.37, 1.46) -
Race
Others - -
White 0.48 (0.19, 1.25) 0.83 (0.35, 1.97) -
Black 0.57 (0.17, 1.99) 0.64 (0.23, 1.75)
Time since diagnosis
< Median - -
> Median 1.03 (0.98, 1.08) 1.03 (0.99, 1.06)
Hemoglobin 1.00 (0.77, 1.30) 0.80 (0.64, 1.00) -

Fatigue Severity?
No

Pain Severity>
No

Anxiety Severity?
No

Cancer Type
Neuro-oncology -
Leukemia/Lymphoma
Solid tumor

Yes 2.99 (1.08,8.31) "
Yes 6.36 (2.64,15.34) "
Yes 16.75 (6.36, 44.15)

2.56 (0.56, 11.79)
3.00 (0.62, 14.61)

11.37 (4.53,28.58)" -
2.59 (1.30, 5.15)" -
3.67 (1.76, 7.68)" -

1.66 (0.64, 4.34)
1.74 (0.62, 4.89)

Notes:

-Reference group

“Statistically significant as @ <0.05

'Estimated using 3-step method in Mplus 8.4
2Ped-PRO-CTCAE severity experience at baseline (T1)

treatment [39—41]. This study was unique in offering a pedi-
atric patient-centered analytic approach by utilizing the
symptom severity to predict the child’s presence in a latent
class symptom profile.

Treatments, treatment side effects, and comorbidities
such as anemia collectively impact the child’s symptom
burden. Furthermore, psychological concerns such as stress
and loneliness contribute to the child’s collective cancer
experience [42]. The presence of fatigue, pain, and anxiety
significantly impacts total burden of symptoms experienced
by the child [43] and decreases health-related quality of life
[44]. Fatigue and sleep problems [45], pain, and anxiety
may each and may together be expressed as lack of energy

or decreased activity, sleepiness, mood changes, change in
appetite, decreased concentration, and decreased interest in
socialization or play. These symptoms combine to impact
mental, emotional, relational, existential, and physical com-
ponents of the pediatric cancer experience [46].

Recent development of family web pages for symp-
tom reports and care encourages recommendations for
symptom management based on clinical practice guide-
lines [47]. Using the case example of fatigue, few phar-
maceutical options exist. Creativity has been a necessary
component of fatigue innovations in pediatric oncology,
such as task-oriented cognitive rehabilitation [48]; humor
entertainment [49]; therapeutic videogames and mobile
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medical applications [50]; sleep-hygiene education, relax-
ation techniques, and progressive muscle relaxation [51];
and carnitine replacement [52] and even beetroot juice
has been studied for reduction of exercise-induced fatigue
[53]. Clearly, additional scientific inquiry is warranted to
further understand the neurotransmitter, oxidative stress,
and pathways which may contribute to cancer-related
fatigue in order to advance symptom targets [54].

Despite the prevalence of pain in children treated for
cancer and multiple available pharmacologic interven-
tions, pediatric cancer-related pain remains under-treated,
and many families and providers are wary of opioid pain
medications [55]. Clinical practice guidelines specific to
pain in pediatric cancer are needed, as is incorporation
of evidenced-based non-pharmacologic interventions.
Anxiety is similarly prevalent, particularly surrounding
procedures and treatments [56]. Novel non-pharmacologic
interventions to address pain and anxiety during pediat-
ric cancer treatment have been used with some success
throughout the cancer experience including creative arts
therapy and massage [57], drawing and story-telling [58],
and technologic interventions such as robots and virtual
reality [59], and mHealth applications [60—62].

Recent efforts to feedback PROs to clinicians and
families through formal reports or integration into the
electronic health record may prove a promising strategy
for early recognition of symptoms such as fatigue, pain,
and anxiety [63—65], which could lead to earlier initia-
tion of symptom-specific supportive care. Some patient
subgroups experienced improvement in symptoms with
PRO feedback to clinicians and families [66], presumably
due to PRO adding new insight. Providers in the same
study reported learning new information about psycho-
social concerns from PROs, and many initiated consulta-
tions with specialists in pain management, psychosocial
care, and palliative care as a result [66]. New strategies of
simultaneous symptom capture linked with supportive care
clinical practice guideline advice to families may be one
avenue to simultaneously recognize and manage symptom
burden [47].

A representative sample of the US pediatric population
revealed that 47.5% of children experience fatigue, 48.5%
pain behavior, and 52% anxiety using PROMIS pediatric
symptom measures [67]. Of interest, our study’s PROMIS
measures showed higher prevalence of fatigue at time point
1 with 69.7% of participants experiencing fatigue, similar
pain prevalence of 50%, and lower prevalence of anxiety at
40.4% compared to representative sample from prior study.?’
Pain interference and fatigue were higher (worse) in this
sample than in a national sample, and anxiety and depres-
sive symptoms were approximately the same as the national
sample [67]. The mean score for psychological stress was
lower than in the national sample [67].
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Strengths of this particular study include prioritization of
patient-reported outcomes and inclusion of multiple study
sites. As this methodology relied on a single item at a time to
predict profile membership, the findings may appeal to busy
clinicians who may readily incorporate single or multiple
symptom inquiry into patient care. Limitations of this study
include current cohort including only children who under-
stood English. The analyses did not separate participants
according to treatment protocol or chemotherapy exposure
dose, which is a recognized limitation since a longer time
since diagnoses impacted likelihood of profile group assign-
ment. As some children participated in the study during their
first versus tenth cycle of chemotherapy, symptoms could
notably differ as physiology and disease response changes
with time. Future latent class analyses would benefit from lon-
gitudinal disease- and treatment-specific assessments. Use of
conceptually similar/related single items was used to predict
profile membership.

Conclusion

Direct reports from children on the presence and severity
of fatigue, pain, and anxiety as individual symptoms can
predict patterns of patient experiences based on the phe-
notypic probability of symptom burden. Conscientiousness
about potential groups of children with cancer experienc-
ing fatigue, pain, and anxiety during the treatment course
could lead to earlier anticipation of suffering, preventative
approach to functional impairment risks, and proactive
mediations and integrative therapies to benefit the child’s
quality of life [15].

While the prevalence of individual symptoms of pain,
fatigue, and anxiety has been previously described in chil-
dren with cancer, in this study, we found that the presence of
each of these symptoms was strongly associated with greater
suffering. The insight obtained from the profile analyses
urges for interventions to improve suffering of children with
cancer through earlier recognition of children at greatest risk
of experiencing high symptom burden, and thereby earlier
initiation of treatment to mitigate symptoms. In busy clini-
cal practice, providers may struggle to prioritize the time
required to inquire about an entire, extensive panel of poten-
tial symptoms. This study suggests that by asking children
about pain, fatigue, and anxiety severity, or by soliciting
their answers through PROs that are fed forward to clini-
cians, care teams may gain considerable insight into the
experiences and needs of their patients.

Understanding the fatigue, pain, and anxiety experiences
of children receiving cancer treatment from the perspective
of the child is critical to refine supportive care interventions
to minimize the symptom burden of disease-directed thera-
pies and improve the quality of life for children with cancer.
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Child-friendly words used

Instrument (and age appropriateness)*

Appendix
Table 4 Patient-reported Symptom
outcome vocabulary and
validated tools Anxiety
Fatigue
Pain Pain, hurt

Worried, nervous, scared
Tired, feeling tired, worn out

PROMIS pediatric anxiety (ages 8—17)

PROMIS pediatric fatigue (ages 8—17)
Fatigue scale—children (ages 7-12)
Fatigue scale—adolescents (ages 13—18)

Pain Squad app (ages 8-18)

“Ped-PRO-CTCAE (ages 7-17), Memorial Symptom Assessment Scale (MSAS) (versions for ages 7-12
and 10-18), and Symptom Screening in Pediatrics (SSPedi) (ages 8—18) are measures that assess all three
symptoms listed above and have been validated in children with cancer
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